Introduction
As part of the U.S. Geological Survey's (USGS) petroleum resource assessment of the Uinta-Piceance Province, Colorado and Utah, in 2000 (USGS Uinta-Piceance Assessment Team, 2003) , some 170 oils, oil stains, and oil seeps were geochemically characterized and divided into genetic types (Lillis and others, 2003) . Recognized oil types include Minturn, Phosphoria, Grassy Trail Creek, Mancos, Mesaverde, and Green River. Subsequent to that study, the existence and general locality of petroleum residue in the Middle Jurassic Entrada Sandstone in Colorado National Monument (CNM) was brought to the attention of the authors (Scott and others, 2001) . Because the analysis of such non-commercial petroleum deposits commonly yields valuable regional resource-trend information, we collected and characterized the reported CNM petroleum residue and compared the results with identified oil types in the Uinta-Piceance Province.
Three samples of Entrada Sandstone with petroleum residue (table 1) 
Methods
Petroleum residue was extracted from the rock samples using a Soxhlet extraction apparatus with chloroform as a solvent. The extracts were separated into asphaltene and maltene fractions by precipitation in excess volumes of iso-octane followed by centrifugation and filtration (asphaltenes are the precipitate). Saturated hydrocarbon, aromatic hydrocarbon, and polar hydrocarbon fractions were separated from the maltene fraction by column chromatography with alumina-silica columns and successive elution with iso-octane, benzene, and benzene-methanol azeotrope, respectively. The stable carbon isotope values (δ 13 C) of the C 15 + saturated and aromatic hydrocarbon fractions of the extracts were determined using a Carlo
Erba elemental analyzer (EA) interfaced to a Micromass Optima continuous-flow isotope ratio mass spectrometer (IRMS). Sample aliquots were introduced into the EA furnace heated to about 1,020°C, and flash combusted in a quartz combustion tube filled with oxygen. The evolved CO 2 passed through chromium oxide (to complete oxidation), copper granules (reducing agent), and anhydrone (to remove water) before being swept into the IRMS with a helium carrier gas. The results are expressed in the delta (δ) notation that represents the deviation of the 13 C/ 12 C ratio in parts per thousand (per mil, or ‰) relative to the Peedee belemnite (PDB) standard. The sulfur content of the extracts was determined by combustion using a Carlo Erba 1110 elemental analyzer.
The maltene fractions of the extracts were analyzed by gas chromatography and gas chromatography/mass spectrometry. Gas chromatography of the extract was performed on a Hewlett Packard 6890 gas chromatograph with a DB-1 (bonded phase 100 percent dimethylpolysiloxane, 0.25-µm thickness) capillary column (60 m long by 0.32-mm inner diameter), splitless injection, flame ionization detector (FID), and programmed heating 7 8 (40˚C to 330˚C at 4.5˚C/minute, held at 330˚C for 15 min). Biological marker (biomarker) distributions of the extracts were determined on a Hewlett-Packard 6890 gas chromatograph interfaced with a JEOL GCmate magnetic sector mass spectrometer using selected ion monitoring (SIM) at mass-to-charge (m/z) ratios of 191.1800, 217.1956, 231.1174, and 253.1956 . The gas chromatography analysis used a DB-1701 (bonded phase 14 percent cyanopropylphenyl, 86 percent dimethylpolysiloxane copolymer, 0.25-µm thickness) capillary column (60 m long by 0.31-mm inner diameter), splitless injection, and an oven temperature program of 50 to 150˚C at 50˚C/min, 150 to 300˚C at 3˚C/min, and a final hold time of 9 min at 300˚C.
Results
The results of the bulk geochemical analyses are listed in table 1. All three Entrada samples contain high concentrations of petroleum residue (extractable organic matter > 2500 ppm). . Stable carbon isotope analyses of petroleum residue extracts from the Entrada Sandstone in Colorado National Monument (CNM), as well as production crude oils, oil stains, and oil seeps from within the Uinta-Piceance Province (Lillis and others, 2003) . Solid line distinguishes waxy from nonwaxy oils (Sofer, 1984) . Dashed line (canonical variable (CV) equal to -1.3) separates Cretaceous from Paleozoic oils (Lillis and others, 2003) . Numbers refer to sample numbering system. Figure 5 . Gas chromatograms of petroleum residue extracts from the Entrada Sandstone in Colorado National Monument (CNM). Significant biodegradation is indicated by the lack of a series of regularly spaced n-hydrocarbon peaks and by the presence of a large unresolved "hump". Sample 04039-001 has the best resolved biomarker peaks (retention time range 40-70 min). (Lillis and others, 2003) . The sterane composition most closely resembles the Phosphoria oil type, based on the relatively low C 27 diasterane content, and high C 29 14α(H),17α(H) and C 29 14β(H),17β(H) sterane content ( fig. 9 ).
Conclusions
The Entrada Sandstone in the Colorado National Monument (CNM) locally contains high concentrations of petroleum residue. These petroleum stains have been extremely altered by biodegradation and water washing; consequently, geochemical analyses are difficult to interpret. The least degraded sample most closely resembles the Phosphoria oil type, but some of the data correlate with the Mancos oil type. It is possible that the CNM residue is a mixture of both types, similar to oil in the Upper Jurassic
Morrison Formation in Rangely field (Lillis and others, 2003) .
